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Description 

Background Of The invention 

The invention described herein was made with 
government support under grant number EY00333 
from the National Eye Institute, National Institutes 
of Health, Department of Health and Human Ser- 
vices. The U.S. Government has certain rights in 
this invention. 

Glaucoma, an eye disorder afflicting various 
mammals, including primates, is characterized by 
increased intraocular pressure (ocular hyperten- 
sion). In man, such ocular hypertension results 
from an imbalance between the rate of secretion of 
aqueous humor by the ciliary epithelium into the 
posterior chamber of the eye and the resistance to 
drainage of the aqueous humor from the anterior 
chamber, primarily via the canal of Schlemm. It is 
generally believed that increased outflow resistance 
due to obstruction of aqueous humor drainage 
routes is the primary cause of the imbalance. 

Chronic glaucoma typically results in slow, pro- 
gressive loss of visual fields and, if not controlled, 
ultimately in blindness. Initial treatment usually in- 
volves topical application of agonists or antagonists 
of autonomic neuroeffectors, particularly pilocarpine 
or timolol. If treatment with such topically applied 
drugs is not effective, systemic administration of 
carbonic anhydrase inhibitors may be employed. If 
such approaches are unsuccessful, the glaucoma 
may have to be treated by surgery or laser. 

Eicosanoids and their derivatives include nu- 
merous biologically useful compounds. For exam- 
ple, the prostaglandin (PG) group, naturally occur- 
ring cyclic fatty acids, is known to possess diverse 
biological activities. Originally isolated as- lipid-solu- 
ble extracts from sheep seminal vesicles and hu- 
man seminal fluid, prostaglandins have been found 
to be produced by most mammalian tissues. 

Activities of different prostaglandins include 
stimulation or relaxation of smooth muscle, dilation 
of small arteries, bronchial dilation, lowering of 
blood pressure, inhibition of gastric secretion, 
lipolysis and platelet aggregation, and induction of 
labor, abortion and menstruation. 

It is becoming increasingly evident that PGs 
reduce intraocular pressure by increasing 
uveoscleral outflow. This is true for both the F type 
and A type of PGs and, hence presumably also for 
the E and B type PGs. See also. U.S. Patent US-B- 
4,599.353. issued July 8, 1986 and EP-A-242.580. 

Contraction of ihe ciliary muscle as induced by 
pilocarpine, for example, reduces or blocks 
uveoscleral outflow while uveoscleral outflow may 
be assumed to be increased by relaxation of the 
ciliary muscle. This is because the pathway of 
uveoscleral outflow is through the muscle part of 



the ciliary body, i.e., relaxation of the muscle in- 
creases the extracellular space between muscle 
fibers in this tissue, whereas contraction of the 
muscle decreases this space, thus decreasing or 

5 eliminating this flow pathway. rwe c ^AVv^ 
PGs could relax the ciliary muscle by one of 
two mechanisms: either by causing the release of y 
catecholamines from adrenergic nerve endings 
contained within the ciliary muscle; or by acting on 2j ) 

10 the ciliary muscle directly, causing relaxation by 
interaction with PG receptors of the muscle fiber 
surface. In the former case, adrenergic blocking 
agents, particularly beta blockers, would block the 
PG-induced increase in uveoscleral outflow. In the 
75 latter case, beta blockers would not block the 
beneficial intraocular pressure reducing effects of 
PGs. 

Therefore, if topically applied. PGs would re- 
duce intraocular pressure by relaxing the ciliary 
20 muscle through the release of catecholamines; 
combined therapy of an adrenergic blocking agent 
and PGs would be counterproductive since the 
adrenergic blocking agent would block the ocular 
hypotensive effect of the PG. However, if PGs 
25 acted directly on the ciliary muscle without the 
mediation of catecholamines, than adrenergic bloc- 
king agents would not interfere with the ocular 
hypotensive effect of PGs. 

The most effective way of reducing intraocular 
30 pressure is by affecting both sides of the pressure 
equation: P = FxR; where R is the resistance to the 
outflow of aqueous humor. F is flow (which, in turn, 
equals the rate of secretion of aqueous humor) and 
P equals the effective pressure gradient across the 
35 site of resistance (namely, intraocular pressure - 
episcleral venous pressure). According to currently 
accepted concepts, there are two sites of aqueous 
humor outflow from the eye; the conventional out- 
flow through the trabecular meshwork and the 
40 above-mentioned uveoscleral flow through the cili- 
ary muscle. Pildcarpine^decreases the resistance in 
the conventional flow channels through the 
trabecular meshwork; therefore, it works effectively 
in combination with an adrenergic blocking agent. 
<*s. However, pilocarpine at the same time decreases 
uveoscleral outflow by contracting the ciliary mus- 
cle. In some cases of glaucoma, when flow through 
the trabecular meshwork is reduced to the point 
when it cannot be effectively increased by pilocar- 
50 pine, pilocarpine can have only a very small addi- 
tional beneficial effect or may have an adverse 
rather than a beneficial effect by reducing the re- 
maining outflow channels through the ciliary mus- 
cle. Therefore, a combination drug, or drug regi- 
55 men, that acts by decreasing aqueous humor se- 
cretion, such as an adrenergic blocking agent and 
a PG would be ideal, provided that the adrenergic 
blocking agent can be shown not to block the 
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ocular hypotensive effects of PGs. 

In the medical treatment of glaucoma, com- 
bination therapy, therefore, is commonly required 
since in many cases effective intraocular pressure 
control cannot be maintained with a single drug. 
The experiments set forth herein establish that the 
use of a combination of an adrenergic blocking 
agent and a PG have a great advantage from a 
physiological point of view, since they show that 
adrenergic blocking agents do not block the ocular 
hypotensive effect of a PG and since these bloc- 
king agents act by reducing the secretion of aque- 
ous humor whereas PGs, as stated above, act by 
increasing uveoscleral outflow. In addition, using a 
combination of. an adrenergic blocking agent and a 
prostaglandin, each or them in a concentration low* 
er than would be required if used separately in the 
treatment or ocular hypertension and glaucoma, 
would yield a significant reduction in the occur- 
rence of such side effects as ocular discomfort, 
irritative responses, conjunctival hyperemia, and 
cardiovascular response. 

Summary Of The Invention 



This invention provides a composition for the 
topical treatment of ocular hypertension or glau- 
coma which comprises an effective intraocular 
pressure reducing amount of a mixture of a beta- 
adrenergic blocking agent and a prostaglandin of 
type A, E or F in an ophthalmically compatible 
carrier. 

Brief Description Of The Figures 

Figure 1 This figure shows the effect of a 2% 
timolol solution and a combination of a 2% timolol 
solution and 0.5 ug PGF 2a: 1-isopropyl ester on the 
intraocular pressure in cat eyes. Application of 0.5 
ug PGF 2 ,-l-isopropyl ester to eyes already treated 
with a 2% timolol solution caused a significant 
further drop in intraocular pressure within one hour. 

Figure 2 This figure shows the ocular hypoten- 
sive effect of a solution containing both timolol (at a 
concentration of 2.0%) and PGF 2o -l-isolpropyl es- 
ter (at a final concentration of 0.002%) on cat eyes 
as compared to the ocular hypotensive effect of 
timolol applied by itself. 

Figure 3 This figure snows the ocular hypoten- 
sive "effecTbf PGF 2o -l-isopropyl ester (at a final 
concentration of 0.002%) on cat eyes pretreated 2 
hrs earlier with an 0.5% solution of betaxolol. 

Figure 4 This figure shows the ocular hypoten- 
sive effect of PGF 2a -1-isopropyl ester on cat eyes 
pretreated 2 hrs earlier with an 0.5% solution of 
levobunolol. 

Detailed Description Of The Invention 



This invention provides a composition compris- 
ing an effective intraocular pressure reducing 
amount of a mixture of a beta-adrenergic blocking 
agent and a prostaglandin of type A, E or F in an 

5 ophthalmically compatible carrier, so as to reduce 
the intraocular pressure of the eye and maintain 
such reduced intraocular pressure. 

As the adrenergic blocking agent there is em- 
ployed in the practice of this invention a beta 

jo blocker. The presently preferred beta blockers or • 
beta-adrenergic blocking agent, respectively are 
timolol maleate, betaxolol hydrochloride, and 
levobunolol hydrochloride. Of the prostaglandins of 
the A, E or F type employed in the practice of this 

is invention, the presently preferred ones are PGF 2o 
or a PGF 2o derivative, specifically PGF 2o -1- 
isopropyl ester. 

Additionally, a range of concentrations of beta- 
adrenergic blocking agents may be employed in 
20 the practice of the invention. However, the pre- 
ferred amount present in the mixture is from 0.01 
ug to 1 .000 ug, specifically from about 5 ug to 500 
ug. 

The presently preferred effective amount of 

25 prostaglandin present in the mixture is from 0.01 
ug to 1,000 ug, specifically from 0.1 ug to 50 ug. 

The ophthalmically compatible carrier may be 
any well known carrier. Presently preferred for use 
in the practice of this invention are aqueous solu- 

30 tions. such as a saline solution containing an oph- 
thalmically compatible preservative a surfactant, 
and an agent, such as a soluble polymer, to in- 
crease the viscosity of the solution. In a preferred 
embodiment, the mixture is dissolved in the oph- 

35 thalmically compatible carrier. 

Various regimens may be employed applying 
the present composition for treating ocular hyper- 
tension or glaucoma in the subject's eye. In the 
preferred embodiment, the composition is contact-. 

40 ed with the surface of the eye, i.e., the cornea, 
periodically, preferably at least daily, to reduce 
intraocular pressure and maintain such reduced 
intraocular pressure. 

This invention particularly provides a composi- 

45 tion for the topical treatment of ocular hypertension 
or glaucoma comprising an effective intraocular 
pressure reducing amount of a mixture of 
levobunolol hydrochloride and PGF 2o -1-isopropyl 
ester dissolved in an ophthalmically compatible 

50 carrier. 

EXPERIMENTAL RESULTS 
Materials 

55 

The following materials used in the practice of 
this invention may be obtained from commercial 
sources: timolol maleate, (as Timoptic™ from 
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Merck Sharp & Dohme Division of Merck & Co. 
Inc.. West Point, PA), betaxolol hydrochloride (as 
Betoptic from Alcon Laboratories, Fort Worth, Tex- 
as), and levobunolol HCI (as Betagan Tu from Aller- 
gan America, Hormigueros, Puerto Rico). 

Method 

Trained, unanesthetized cats (1.5 to 3.0 kg) 
which showed on biomicroscopical examination of 
evidence of ocular inflammation such as anterior 
chamber flare or cellular invasion were used in ail 
experiments. Eight cats were used in each set of 
experiments. Intraocular pressures (IOP) were mea- 
sured using an Alcon floating tip Applanation 
Pheumatonograph. The horizontal width of the pupil 
was measured using a millimeter pupil gauge. IOP 
and pupil diameters were measured before and 
several times after drug applications. 
Biomicroscopical examination of the anterior cham- 
ber was performed before and at 3, 6 and 24 hours 
after PG application. 

PGF 2a -1-isopropyl ester (PGF 2a -IE) was sup- 
plied by Pharmacia AB (Uppsala, Sweden) already 
dissolved in 0.5% polysorbate 80 in normal saline 
containing 0.01% benzalkonium chloride; all dilu- 
tions were made up in this vehicle solution. 

Timolol maleate powder was obtained from 
Merck, Sharp and Dohme (West Point, PA) and 
was dissolved in 0.5% polysorbate 80 in normal 
saline with 0.01% benzalkonium chloride (40 
mg/ml, and 20 mg/ml, respectively). Betaxolol hy- 
drochloride (Betoptic; Alcon, Fort Worth, TX) at a 
concentration of 0.5% (5 mg/ml) and levobunalol 
hydrochloride (Betagan; Allergan, Irvine, CA) at a 
concentration of 0.5% (5 mg/ml), were obtained 
from the pharmacy. 

In most experiments (those shown in Figures 1 . 
3 and 4), one beta-adrenergic blocking agent (500 
ug Betoptic, or 125 ug Betagan) in a volume of 25 
ul was applied first to both eyes of each cat 
immediately after baseline IOP and pupil diameter 
measurements. After 2 hours, immediately follow- 
ing another IOP and pupil diameter measurement, 
0.5 ug (0,002%) of PGF 2o -IE in a volume of 25 ul 
was applied to one eye of each cat while the 
contralateral eye received 25 ul of the vehicle 
solution. IOP and pupil diameter measurements 
along with biomicroscopic examination of the anter- 
ior chamber were performed as described above. 

In one group of 8 cats (results shown in Figure 
2), a 25 ut-aliquot of a mixture of equal volumes of 
4% timolol and 0,004% PGF 2o -IE yielding a dose 
of 500 ug of timolol and 0.5 ug of PGF 2s -IE in 
each 25 ul of 2% timolol (500 ug) . IOP and pupil 
diameter measurements were taken as above. 

Discussion 



, The beta blocker, timolol maleate. did not block 

the ocular hypotensive effect of PGF 2a -l-isopropyl 
ester. As shown in Figure 1, when a 2% timolol 
solution made up in an appropriate aqueous ve- 
5 hide, was applied to both eyes of cats, there was 
some intraocular pressure reduction in both eyes at 
2 hours. However, in the eyes which were then 
treated with 0.5 ug of PGF 2o -1-isopropyl ester 
(which is a threshold ocular hypotensive dose of 
/o PGF 2o in this species), a highly significant further 
drop in intraocular pressure occured within one 
hour. In the contralateral eyes that received only 
timolol 2 hours earlier, the intraocular pressure only 
showed a very small, further decrease as com- 
75 pared to the pressure decrease observed during 
the first 2 hours. 

Furthermore, as shown in Figure 2. there was a 
significant pressure reduction in cat eyes that were 
treated with 25 ul of the vehicle solution containing 
20 both timolol maleate (at a final concentration of 
2.0%) and PGF 2a -l-isopropyl ester (at a final con- 
centration of 0.002%) as compared to eyes that 
were treated with an identical volume of solution 
containing only timolol maleate. It should be noted 
25 that adrenergic receptors in cats have the same 
characteristics as in other species, and , therefore, 
timolol maleate must be regarded as an adrenergic 
blocking agent in that species. Timolol maleate, 
however, is well-known to be a less effective 
30 pressure-reducing agent in cats than in humans. 
Therefore, in the human, the combination of timolol 
and a PG must have a greater effect than in cats. 
Since timolol maleate in the human, as in cats, acts 
by reducing the rate of aqueous humor production, 
35 while PG acts by increasing uveoscleral outflow, as 
long as timolol does not block the relaxing effect of 
PGs on the ciliary muscle, the effects of these two 
drugs must be at least additive. 

Betaxolol hydrochloride and levobunolol hydro-' 
40 chloride also were employed in the practice of this 
invention, using 25 ul of the 0.5% clinically used 
solutions of Botoptic® and Betagen®, respectively. 
As is shown in Figure 3 and Figure 4, neither 
betaxolol hydrochloride nor levobunolol hydrochlo- 
45. ride blocked the ocular hypotensive effect of P 
GF 2o -l-isopropyl ester. Thus levobunolol hydro- 
chloride may be a very good candidate for com- 
bined therapy, since there was a more pronounced 
reduction of intraocular pressure within one hour 
so after the topical application of 0.5 ug of PGF 2a -l- 
isopropyl ester in eyes that were pretreated with 
this beta blocker than typically occurs with this 
dose of PGF 2ft -1-isopropyl ester. See, for example, 
the much smaller ocular hypotensive response to 
55 this dose of PGF 2o -1-isopropyl ester in betaxolol 
hydrochloride pretreated eyes (Figure 3) as com- 
pared to levobunolol hydrochloride pretreated eyes 
(Figure 4). 
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The positive interaction between levobunolol 
hydrochloride and PGF 2a -l -isopropyl ester sug- , 
gests that PGF 2a -1-isopropyl ester may yield an 
effective intraocular pressure reduction at PGF 2a -l- 
isopropyl ester doses even less than 0.5 ug. While 5 
0.5 ug is already a very small dose of PGF 2 ,-1- 
isopropyl ester, a further reduction in this dose 
may have important clinical significance, since 
studies of Aim and Villumsen (Proceeding of the 
International Society for Eye Research, Vol. IV, jo 
#18:15. Seventh International Congress of Eye Re- 
search, Nagoya. Japan 1986) on human eyes show 
that reduction of the PGF 2a -l -isopropyl ester dose 
from 2.5 ug to 0.5 ug is sufficient to cause a 
considerable reduction in side effects, primarily is 
conjunctival hyperemia. Therefore, the reduction of 
the PGF 2o -l-isopropyl ester dose in a combined 
therapy with levobunolol, or some other beta bloc- 
ker will yield a significant reduction of the un- 
desirable side effects of PGF 2a -l-isopropyl ester. 20 

Claims 

1. A composition for the topical treatment of ocu- 
lar hypertension or glaucoma comprising an 25 
effective intraocular pressure reducing amount 

of a mixture of a beta-adrenergic blocking 
agent and a prostaglandin of type A, E, or F. in 
an ophthalmicaily compatible carrier. 

30 

2. A composition of claim 1, wherein the beta- 
adrenergic blocking agent is timolol maleate. 

3. A composition of claim 1 , wherein the beta- 
adrenergic blocking agent is betaxolol hydro- 35 
chloride. 

4. A composition of claim 1, wherein the beta- 
adrenergic blocking agent is levobunolol hy- 
drochloride. 40 

5. A composition of claim 1, wherein the pros- 
taglandin of type F is prostaglandin F 2o or an 
ester of prostaglandin F 2a . 

45 

6. A composition of claim 5, wherein the ester of 
prostaglandin F 2 „ is PGF 2a -1-isopropyl ester. 

7. A composition of claim 1, wherein the beta- 
adrenergic blocking agent is present in the so 
mixture in an amount from between 0.01 ug 

and 1,000 ug. 

8. A composition of claim 7, wherein the beta- 
adrenergic blocking agent is present in the 55 
mixture in an amount from between 0.01 ug 

and 50 ug. 



9. A composition of claim 1, wherein the pros- 
taglandin of type A, E, or F is prosent in the 
mixture in an amount between about 0.01 ug 
and 1 .000 ug. 

10. A composition of claim 9. wherein the pros- 
taglandin of type A, E, or F is present in the 
mixture in an amount between about 0.1 ug 
and 50 ug. 

11. A composition of claim 1. wherein the ophthal- 
micaily compatible carrier comprises an aque- 
ous solution. 

12. A composition of claim 11, wherein the aque- 
ous solution is a saline solution containing an 
ophthalmicaily compatible preservative, a sur- 
factant, and an agent, such as a soluble poly- 
mer, to increase the viscosity of the solution. 

13. A composition of claim 1, wherein the mixture 
is dissolved in the ophthalmicaily compatible 
carrier. 

14. A composition for the topical treatment of ocu- 
lar hypertension or glaucoma comprising an 
effective intraocular pressure reducing amount 
of a mixture of levobunolol hydrochloride and 
PGF 2 ,-Hsopropyl ester dissolved in an oph- 
thalmicaily compatible carrier. 

15. The use of a beta-adrenergic blocking agent 
and a prostaglandin of type A, E, or F for the 
manufacture of a composition for the topical 
treatment of ocular hypertension or glaucoma. 

16. The use of claim 15. wherein the beta-adrener- 
gic blocking agent is timolol maleate. 

17. The use of claim 15. wherein the beta-adrener- 
gic blocking agent is betaxolol hydrochloride. 

18. The use of claim 15, wherein the beta-adrener- 
gic blocking agent is levobunolol hydrochlo- 
ride. 

19. The use of claim 15. wherein the prostaglandin 
of type F is prostaglandin F 2o or an ester of 
prostaglandin F 2a . 

20. The use of claim 19, wherein the ester of 
prostaglandin F 2a is PGF 2a -1-isopropyl ester. 

21. The use claim 16, wherein the beta-adrenergic 
blocking agent is admixed in an amount from 
between 0.01 ug and 1.000 ug. 

22. The use of claim 21, wherein the beta-adrener- 
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gic blocking agent is admixed in an amount 
from between 0.01 ug and 50 ug. 

23. The use of claim 15, wherein the prostaglandin 

of type A, E, or F is admixed in an amount 5 
between about 0.01 ug and 1,000 ug. 

24. The use of claim 23. wherein the prostaglandin 
of type A, E, or F is admixed in an amount 
between about 0.1 ug and 50 ug. ;o 

25. The use of levobunolol hydrochloride and 
PGF 2a -1-isopropyl ester for the manufacture of 
a composition for the topical treatment of ocu- 
lar hypertension or glaucoma. 75 

Revendications 

. 1. Composition pour le traitement topique de Thy- 

pertension oculaire ou du glaucome, compre- 20 
nant une quantite efficace pour reduire la pres- 
sion intraoculaire d'un melange d'un £-adreno- 
lytique et d'une prostaglandine de type A, E ou 
F, dans un vehicule acceptable du point de 
vue ophtalmique. 25 

2. Composition selon la revendication 1 , dans la- 
quelle le £-adrenolytiqueest le maleate de ti- 
molol. 

30 

3. Composition selon la revendication 1, dans la- 
quelle le £-adrenolytiqueest le chlorhydrate de 
betaxolol. 

4. Composition selon la revendication 1, dans la- 35 
quelle le /9-adrenolytiqueest le chlorhydrate de 
levobunolol. 



quelle la prostaglandine de type A, E ou F est 
presente dans le melange en une quantite 
comprise entre environ 0,01 ug et 1 000 ug. 

10. Composition selon la revendication 9 t dans la- 
quelle la prostaglandine de type A, E ou F est 
presente dans le melange en une quantite 
comprise entre environ 0,1 ug et 50 ug. 

11. Composition selon la revendication 1, dans la- 
quelle le vehicule acceptable du point de vue 
ophtalmique comprend une solution aqueuse. 

12. Composition selon la revendication 11, dans 
laquelle la solution aqueuse est une solution 
salee contenant un conservateur acceptable du 
point de vue ophtalmique, un tensioactif et un 
agent, tel qu'un polymere soluble, pour aug- 
menter la viscosite de la solution. 

13. Composition selon la revendication 1, dans la- 
quelle le melange est dissous dans le vehicule 
acceptable du point de vue ophtalmique. 

14. Composition pour le traitement topique de Thy- 
pertension oculaire ou du glaucome. compre- 
nant une quantite efficace pour reduire la pres- 
sion intra-oculaire d'un melange de chlorhydra- 
te de levobunolol et de 1-isopropylester de 
PGF 2o dissous dans un vehicule acceptable du 
point de vue ophtalmique. 

15. Utilisation d'un £-adrenolytique et d'une pros- 
taglandine de type A, E ou F pour la prepara- 
tion d'une composition pour le traitement topi- 
que de I'hypertension oculaire ou du glauco- 
me. 



5. Composition selon la revendication 1. dans la- 16. Utilisation selon la revendication 15. dans la- 
quelle la prostaglandine de type F est la pros- 40 quelle le /5-adrenolytique est le maleate de 
taglandine F 2q -ou un ester de prostaglandine timolol. 

17. Utilisation selon la revendication 15, -dans la- 

6. Composition selon la revendication 5, dans la- quelle le £-adrenolytique est le chlorhydrate 
quelle Tester de prostaglandine F 2a est le 1- 45 de betaxolol. 

isopropylester de PGF 2o . 

18. Utilisation selon la revendication 15, dans la- 

7. Composition selon la revendication 1, dans la- quelle le 0-adrenolytique est le chlorhydrate 
quelle le /S-adrenolytiqueest present dans le de levobunolol. 

melange en une quantite comprise entre 0,01 50 

ug et 1 000 ug. 19. Utilisation selon la revendication 15, dans la- 

quelle la prostaglandine de type F est la pros- 

8. Composition selon la revendication 7, dans la- taglandine F 2q ou un ester de prostaglandine 
quelle le 0-adrenolytiqueest present dans le F 2o . 

melange en une quantite comprise entre 0,01 55 

ug et 50 ug. 20. Utilisation selon la revendication 19. dans la- 

'— " quelle Tester de prostaglandine F 2b est le 1- 

9. Composition selon la revendication 1 , dans la- isopropylester de PGF 2o . 
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Figure 2 
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Ficure 3 



The ocular hypotensive effect of PCF 2< isopropyl ester (PGr^-IE) on eyes 
of cats that. were pretreated with 0.51 betaxolol (Setoptic) 
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The ocular hypotensive effect of PGF ?< isopropyl ester (PCF^-IZJ on 
of cits that were pretreated with 0.51 levobunalol (Bet^an) 

25 ul of 0.55 levobunalol to both eyes 
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